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Abstract
This pilot study aimed to examine nonlinguistic deficits associated with visual spatial
memory in young children. A child with DLD was compared to both younger-aged (YATD) and
same-aged (SATD) typically developing peers for performance on a visual spatial memory
matching game. It was hypothesized that if children with DLD have deficits in nonlinguistic
domains, they should not perform as well as their same-aged peers. Since children with DLD are
similar in language to their younger typically developing children, their performance was
compared to a group of typically developing children at least one year younger. If children with
DLD performed less well than same-aged children, we were curious to see if they would be
similar to the younger children. A total of 6 children (ages 3;2 to 4;9) were recruited from the
Storrs, Connecticut area. The children were placed into one of three groups (DLD, YATD, or
SATD) based on their age and performance on the Clinical Evaluation of Language
Fundamentals - Preschool (CELF-P). One child was identified with DLD (age 4;8), three
children served as SATD controls (ages 4;0-4;9), and two children served as YATD controls
(ages 3;2-3;5). Each child played the iPad game, Animal Matching 4 Kid - Memory Game for
Preschool, ten times. Performance was measured by the score obtained at the end of each trial of
the game and then averaged over the 10 trials for each group. Results revealed that the SATD
group obtained the highest average score (m=89.9), followed by the YATD group (m=79.6), and
lastly the child with DLD (m=66.1). The trend demonstrated age and language ability as
contributing factors to the children’s scores. These findings imply that visual spatial memory
may be problematic for children with DLD. Further research must be conducted, but these
findings hold strong implications for clinical practice and a potential link between DLD and
visual spatial working memory.

Visual Spatial Memory in Young Typical Developing…

4

Introduction
In recent years, a shift has been made in the speech and language community from using
the term “specific language impairment” (SLI) to the term “developmental language disorder”
(DLD: Bishop, 2017). These terms have been used interchangeably to describe the same
population of children with deficits in the use and acquisition of language, but have no other
reported deficits that are associated with their holistic development. For the purpose of this
study, we will use the term DLD as opposed to SLI, as DLD refers to a larger group of
candidates (based on the fact that DLD can include children with an IQ > 70, whereas SLI only
refers to children with an IQ > 85). The deficits in language experienced by children with DLD
place them at greater risk for educational and social problems later in life in comparison to their
typically developing peers (Archibald, 2006). Additionally, the term DLD is best suited for this
study, because recent research has shown that children with DLD also have deficits in other areas
of development, including visual processing, cognitive functioning, working memory, and
executive function (e.g., Blom, 2020). Therefore, we will use the term DLD to describe the
deficit in language associated with children in this research study.

Working Memory in Children
Working memory is a complex, multifaceted component of human beings. In 1974,
Baddeley and other researchers proposed a theory of working memory that consisted of three
subsystems: a phonological loop, a central executive, and a visuospatial sketchpad (Baddeley,
2003). The phonological loop is responsible for processing auditory information into temporary
storage that is associated with verbal information. The central executive acts as the control
system, responsible for the regulation of the body’s cognitive processes. Finally, the visuospatial
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sketchpad is responsible for the temporary storage of visuospatial information through tactics
such as visualization, physical simulation and manipulation, and optical recall (Baddeley, 2003).
The episodic buffer was recently added to the hierarchy of the model, and it is responsible for
binding different pieces of information together, oftentimes through the process of chunking
together meaningful units set aside for further processing. Together, these components work
together to store and manipulate information for a short period of time, with the ultimate goal of
using that information for various cognitive activities (Baddeley, 2003). Working memory is a
system that acts as the driving force behind the capacity for abstract thought. Thought and
processing go hand in hand with one another, therefore, it can be implied that it also plays a role
in language processing (Baddeley, 2003). For a visual model of Baddeley’s model of working
memory see Figure 1 (Savage, 2006).

Figure 1. Baddeley’s Model of Working Memory
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Working memory, in typically developing children, tends to improve with age. According to a
study done by Gathercole (2004), working memory improves over time from childhood through
adolescence, and reaches its peak at adulthood. Working memory holds clear implications for
educational achievement and cognitive functioning, as its neural conceptions begin during
infancy. In addition to the overall function of working memory improving with age, accuracy
during different working memory tasks also increases, but the time needed to respond to tasks
involving working memory decreases (Pelegrina, 2020). In a different study, research found that
older children in their testing group performed better on encoding memory tasks than the
younger test subjects (Barriga-Paulino, 2016). The subjects for this study ranged between 9 and
17 years old. Additionally, the older children in this study were also more accurate in identifying
the correct stimulus with a shorter delay time compared to the younger children (BarrigaPaulino, 2016). Overall, previous research has shown that older, typically developing children
perform better on working memory tasks than their younger, typically developing peers.
Working memory deficits have been increasingly discovered in children with DLD (e.g.,
Gathercole & Baddeley, 1993; Archibald, 2018; Montgomery, et al., 2021). Working memory is
described as the processes and structures used to temporarily manipulate and store information
for a period of time (Vugs, 2013). Verbal memory deficits in children are relatively well
examined in previous studies, and have found that children with DLD tend to have problems
with short-term memory of verbal sequences (e.g., Archibald, 2018). More recent work has
supported that in children with DLD the deficit in working memory is not limited to verbal
information, but that they may also have problems in nonlinguistic domains such as in the
processing of visual information (e.g., Collisson et al, 2015; Dispaldro, et al., 2012). For the
purpose of this study, the visuospatial sketchpad will play an important role, as it directly relates
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to the visual working memory of children. These subsystems are organized by the central
executive system. The central executive system is ultimately responsible for executive
functioning, where deficits in executive functioning have been linked to DLD in previous studies
(e.g., Blom, 2020). It also requires the use of attentional control to function, which refers to the
ability to tune out irrelevant, conflicting information to focus on the information that is relevant
to the task at hand (Ebert, 2019).

Evidence of Visual Processing deficits in DLD
On average, children with DLD have displayed subtle deficits in nonlinguistic cognitive
functioning tasks (Ebert, 2019). Such nonlinguistic behaviors can include, but are not limited to,
processing speed, attentional control, and auditory working memory. Though there is no task that
is fully nonlinguistic, these tasks are categorized as such based on the idea that they are
structured to indicate the importance of the cognitive processing system. Additionally, their
stimuli is not language based, and could look more along the lines of sustaining attention,
mentally rotating shapes, Stroop or Simon tasks, and more (see Ebert, 2019). However, further
research is needed to confirm these findings, and provide more evidence to support the idea that
nonlinguistic processing deficits could be a symptom of DLD in children.
One nonlinguistic behavior that has been looked at by researchers relatively recently is
that of visual processing. In a recent study, Coderre (2020) examined the visual ease assumption,
which proposes that visual processing of narratives using wordless picture books or picture
sequences should reduce the cognitive load associated with story retell or comprehension
because the visual information can support the organization of a story. In particular, Coderre
(2020) predicted that the use of visual supports would improve children with DLD in their
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nonverbal responses to questions about a story in comparison to their neurotypical peers. Visual
narratives were presented to children with DLD, followed by a list of non-verbal comprehension
questions following the visual. The children with DLD performed worse on the comprehension
questions than the neurotypical age-matched group. This implied that visual processing deficits
in children with DLD are related to and similar in severity to their linguistic processing abilities.
This correlation holds promise to linking visual processing with language development.
A different study sought to support the hypothesis that visuospatial attentional orienting
would be slower in school-age children with DLD (aka., SLI) compared to their neurotypical,
age-matched peers (Schul, 2004). Two different formats of a visual discrimination task were
presented to the same two groups of children; one was focused on attentional orienting for
accuracy (i.e., “the SHIFT task”), and the other did not require attention shifts and was focused
on the indication of the orientation of the target (i.e., “the FOCUSED task.”) It was hypothesized
that children with DLD would have less efficient attentional orientation skills compared to the
control group, due to slowed attentional orienting. It was also hypothesized that children with
DLD would show slower visual processing and motor responses. The results of this study
showed that children with DLD exhibited slower visual processing and motor response compared
to their neurotypical peers. However, the children with DLD were similar to their peers in
regards to the speed of their visuospatial attentional orienting and use of attentional cues. Upon
the completion of this study, it was concluded that the participants with DLD showed slower
visual processing and motor response abilities. This study suggests that children with DLD may
have visual processing deficits. Furthermore, a two-part study by Collisson et al. (2015)
suggested that the visual processing abilities of children with DLD were significantly different
from neurotypical children matched for age. In part one of this study, the researchers examined
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whether children with DLD were able to use the shape bias to assign novel objects to a novel
name. While this task had a linguistic and visual component to it, the children with DLD were
not able to associate the novel name to other novel objects that had the same shape as well as
their typically developing counterparts. The authors concluded that children with DLD were not
able “to cue” into the shape of a novel object to assist with word learning. Part two of the study
was a nonlinguistic task that required children to learn novel object and novel symbol pairs. The
children were shown novel object-symbol pair associations over 4 different days, and then asked
to match the object-symbol pairs from an array of objects and symbols. The dependent measure
was the rate of learning over time. The results of the study showed a slower learning rate for the
children with DLD in comparison to their typically developing peers. Overall, Collisson and
colleagues (2015) concluded that children with DLD demonstrate a visual processing deficit
associated with the inability to utilize the shape bias to associate novel words with objects of the
same shape, and an inability to learn object-symbol pairs as efficiently as other children. They
argued that this could explain these children’s slow acquisition of vocabulary and difficulty with
learning to read, as reading requires children to learn letter shapes and the symbols they
represent.
Despite the research that has been conducted on visuospatial working memory, visual
spatial processing, and DLD, there is still no concrete connection between them. Though a metaanalysis has been done to find deficits in visuospatial working memory, there are still questions
about the nonlinguistic abilities of children with DLD and whether it is a contributing factor to
their problem with the acquisition of language (Vugs, 2013). Some previous studies have
displayed a link between visuospatial impairment and pervasive language impairment, but others
have shown findings that are conflicting (Blom, 2020). The greatest finding has been that the
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pattern of one study is not necessarily observed in another, calling for further research in the area
of visuospatial working memory and its link to developmental language disorders. A crossover
exists between visuospatial working memory and developmental language disorder, but there are
many instances where one can exist without the presence of the other.

Hypothesis
Considering there is not yet a gold standard for the identification of DLD, this pilot study
is aimed at determining whether or not a link exists between DLD and visual spatial working
memory. There are many children with deficits in working memory or other various
nonlinguistic behaviors, that are not tested or looked at for potentially having DLD. The better
we are able to find evidence that supports the connection between DLD and these nonlinguistic
attributes, the earlier we may be able to identify DLD, and ensure that children get the proper
resources and intervention. Early intervention is crucial in the success of treatment in speech
language pathology (Prelock, 2015), and the sooner we can identify children with DLD, the
better accommodations they can receive.
For this study, we made several predictions about the development of visual working
memory and about differences between typically developing children and children with DLD.
The children in this study were separated into three groups: younger-aged (YATD) and sameaged (SATD) typically developing peers, and children with DLD. First, it was predicted that if
visual spatial memory is a developmental skill, then the SATD group group will perform better
on a task assessing visual spatial memory than the YATD group. In previous research studies,
results have implied that working memory improves with age from childhood through
adolescence, and into adulthood (Gathercole, 2004). Furthermore, the additional purpose of this
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study was to examine nonlinguistic domains, such as visual spatial memory, associated with the
visual spatial working memory capabilities in children that are typically developing, and in
children identified with DLD. Second, if visual working memory is associated with linguistic
domains, then children with DLD will score lower on the matching game than their age matched
peers, but similar to the YATD group of children at similar levels of language. This would imply
that children with DLD have similar nonlinguistic abilities to younger typically developing
children, as opposed to their age-matched peers. On the contrary, if children with DLD do not
have deficits in nonlinguistic domains, such as visual spatial working memory, then the DLD
group will score the same as their typically developing age-matched peers.
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Methodology
Participants
All attempts were made to recruit children from a variety of demographics including
gender, ethnicity, language abilities, and socioeconomic status by sending out fliers to the
student-run newspaper and online news outlet, or were placed within the Child Development
Labs at the University of Connecticut. A total of six participants were recruited, consisting of
preschool children between the ages of 3;2 (years;months) and 4;9. Half the participants were
boys, and half the participants were girls. They consisted of children from a variety of ethnic
backgrounds including Caucasian, Latinx, and Asian. English was the primary language spoken
in the home environment, however, at least three of the children were also exposed to either
German, Mandarin, or Spanish.
Each participant received a battery of standardized assessments to determine their
eligibility for the study and the participant group in which they were placed. In order to qualify
for the study, all participants had to score within normal limits on measures of hearing and
nonverbal ability. This was first determined through the administration of a hearing screening, in
which the children’s hearing was screened at 20 dB for frequencies at 1,000, 4,000, and 8,000
Hz. All participants passed the hearing screening. Additionally, participants were tested on their
nonverbal abilities, using the Primary Test of Nonverbal Intelligence (PTONI: Ehrler &
McGhee, 2008). Following the results of the hearing examination and the nonverbal evaluation,
the children were administered a test of language ability to determine whether they were
developing language typically or met the diagnostic criteria for DLD. The children were placed
into one of the three groups based on their age and performance on the Clinical Evaluation of
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Language Fundamentals - Preschool Third Edition (CELF-P3: Wiig, Secord, & Semel, 2020).
In order to qualify for either of the typically developing groups, the children had to obtain a
standard score greater than 85 on the CELF-P3. If their language score fell below the 85 cutoff,
they were placed into the DLD group. The three different groups included the younger-aged
typically developing (YATD) group, the same-aged typically developing (SATD) group, and the
DLD group. The YATD participant group was made up of children ages 3;2 to 3;5, consisting of
2 participants. The SATD participant group was made of children ages 4;0 to 4;9, consisting of 3
participants. The DLD group contained one participant, aged 4;8. See Table 1 for a summary of
the participants and their standard test scores.

Table 1. Child participants include those categorized into the same-aged typically developing
(SATD) group, younger-aged typically developing (YATD) group, and the developmental
language disorder (DLD) group. Age is in year;months, Primary Test of Nonverbal Intelligence
(PTONI) standard score, and Clinical Evaluation of Language Fundamentals - Preschool
(CELF-P3) standard score.

Child

Age

Gender

Parent
Ethnicity
Education

Languages heard at PTONI
home

CELF-P

SATD1

4;0

male

college

Latinx

English/Spanish

118

108

SATD2

4;9

female

college

Caucasian

English

95

96

SATD3

4;9

male

college

Asian

English/Mandarin

<149

90

YATD1 3;2

male

college

Caucasian

English

94

92

YATD2 3;5

female

college

Caucasian

English

126

127

DLD

female

college

Caucasian

English/German

114

81

4;8
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Stimuli & Scoring
An iPad Air with a 9” display was used to play the Animal Matching 4 Kid - Memory
Game for Preschool app (AnimalMatching ©: Doungjai Olanrukthum, 2016) for iPad. The game
consists of three different levels (easy, medium, hard) but for the purpose of this study, the
medium level was used to ensure that the game level was appropriate for all preschool children.
The “Easy level” was judged to be too easy (6 tiles with only 3 animal pairs) and the “Hard
level” was judged to be too difficult (20 tiles with 10 animal pairs). The medium level contained
12 tiles with 6 pairs of common animals that would be found in a home, farm, or zoo (e.g., cat,
pig, fox, rhinoceros). The images of the animals were in the form of colored clip art. The app is
programmed to provide children with 60 seconds to find the matching pairs, therefore, this
avoided the children achieving a ceiling (Easy level) or floor effect (Hard level) for participation
in each trial of the game. For the medium level, the game presents a 3x4 grid of white tiles, and
as soon as the child chooses their first tile, the timer in the top right corner starts. Participants
must select two of the white tiles, one at a time, until they find the matching pairs for all tiles.
Once a tile is selected, it flips over and reveals an animal. If the child correctly chooses two
white tiles that are the same animal, the tiles disappear. If the child incorrectly chooses two white
tiles that are different animals, both of the tiles will flip back over to white. The child continues
selecting tiles until each of the pairs of animals are found, or until the 60 second timer runs out.
Once the child has found all the matching pairs, or reaches the 60 second time limit, a score is
generated for each attempt at the game. This score was used as the dependent measure for the
study. The faster the child found all the matching pairs with the fewest number of squares
selected, the higher the game score. If no tile pairs were found, the child received a negative
score for the game, but could achieve a game score as high as 100. The game also gave a
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combined score that multiplied the game score by the seconds left to complete the game if all
animal pairs were found before 60 seconds. For example, if a child obtained a game score of 93
and had 34 seconds remaining, a combined score of 3162 (e.g., 34 x 93 = 3162) would be
awarded. Only the combined score was used in the analysis of the data. A total of 10 trials of the
game was administered for each child with a score recorded for each trial. The scores were used
in the statistical analysis of children’s results.
Procedure
Two researchers and the child participant were seated at a child-sized table with childsized chairs. The iPad was placed flat on the table, with the experimenters sitting on either side
of the child. In order to minimize distractions, the iPad was muted and the game was put on
silent to prevent distracting noises coming from the game. One of the experimenters then gave
the following instructions, “See these white squares? Under each square is an animal that is
hiding. There are two of the same animals hiding behind all of these squares, and I want you to
find the animals that are the same.” From here, the experimenter modeled the game for the child,
participating in one trial. The experimenter also provided the child with one trial round for
practice, prior to their scores being recorded to ensure that the participant understood the
procedures of the game. All of the children were able to comprehend the procedure and structure
of the game after just one trial. Following the practice trial, the experimenter prompted the
participant with the following phrase, “Do this as fast as you can. Are you ready? Go!” The
children were provided with verbal reinforcement for completing each trial of the game, and
were encouraged to continue playing through 10 trials of the game. If the children needed breaks
in between trials, they were given one. These breaks would either give the child the opportunity
to play with pop-up toys, or engage in conversation with the experimenters. Children were
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consistently given the option of what they wanted to do next, whether it was to play with the
toys, play the animal matching game, or work on the language-assessment with one of the
researchers. The language assessments were often given different names, such as the “treasure
hunt,” or the “word game.” Each child participated in the animal memory card game for 10 trials.
All of the participants completed the trial in one sitting, and were able to complete the 10 trials in
less than 15 minutes. To ensure reliability of coding, the scores and the time x score were
recorded by one of the two experimenters present in the room. While one experimenter recorded
the scores, the other experimenter watched the participant and provided encouragement. The
scores were calculated by the app and the experimenter wrote down the score on a score sheet for
each child and then later entered it into an Excel spreadsheet.
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Results
Upon completion of the 10 trials per child, an average score and standard deviation was
calculated for each participant and for each group (i.e., SATD, YATD, and DLD). Overall, the
average score of the SATD group was the highest of the three groups, with a mean of 89.87 (SD
= 50.03). The YATD group had a mean score of 79.60 (SD = 68.09). Finally, the DLD child had
the lowest mean score of 66.1 (SD = 12.84). The number of participants per group was too small
to complete parametric or nonparametric statistics, therefore, Cohen’s d effect sizes were
calculated for each group difference. Cohen’s d statistics are independent of sample size and are
used to indicate the magnitude of difference between groups. Cohen’s effect sizes range from 0
to 1 with a small effect ranging from 0 to 0.2, a medium effect from 0.21 to 0.79, and a large
effect from 0.8 to 1.0. The larger the calculated effect, the greater the possibility of a significant
difference existing between two groups. The calculated effect size between the SATD and the
DLD participants indicated a medium effect (d = 0.651); the effect size between the YATD and
the DLD participants indicated a medium effect (d = 0.276), and the effect size between the
SATD and YATD participants indicated a small effect (d = 0.172). The results of the memory
game revealed that the DLD participant did not perform as well as the two groups of typically
developing children as indicated by the medium effect sizes. See Table 2, Table 3, and Figure 2
for a summary of the participants’ average scores and result comparisons.
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Table 2. Child participants categorized into the same-aged typically developing (SATD) group.
Age is in year; months, trial number, trial score, average score (mean), and standard deviations
(SD).

Child

Age

Gender

Trial

Combined Game
Score per trial

SATD1

4;0

male

1
2
3
4
5
6
7
8
9
10

69
74
63
54
57
84
60
61
64
70

65.6 (8.88)

1
2
3
4
5
6
7
8
9
10

92
102
93
88
54
67
160
58
313
99

112.6 (76.46)

1
2
3
4
5
6
7
8
9
10

104
92
92
93
84
58
94
74
165
58

91.4 (30.14)

SATD2

SATD3

4;9

4;9

female

male

Mean (SD)
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Table 3. Child participants categorized into the younger-aged typically developing (YATD)
group, and the developmental language disorder (DLD) group. Age is in year; months, trial
number, trial score, average score (mean), and standard deviations (SD).

YATD1 3;2

YATD2 3;5

DLD

4;8

male

female

female

1
2
3
4
5
6
7
8
9
10

93
315
87
102
160
70
59
90
102
99

117.7 (74.2)

1
2
3
4
5
6
7
8
9
10

28
90
59
0
16
60
68
75
5
14

41.5 (32.44)

1
2
3
4
5
6
7
8
9
10

52
65
65
59
67
69
63
100
61
60

66.1 (12.84)

A visual examination of the scores per trial for each child indicated no trend for either a learning
or fatigue effect as the performances of the children across each trial varied. An examination of
the standard deviations indicated that participants SATD1 and the DLD participant were the
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most consistent in their scores with standard deviations of 8.88 and 12.84, respectively. The
standard deviations for the remaining participants ranged from 30.14 to 76.46, indicating less
consistency in their performances.
Figure 2. Picture Match Task Results (Group Means and Standard Errors)

To determine if there was a relationship between the children’s performance on the game
(dependent variable) and three independent variables (i.e., age, language score, and nonverbal
score), three Pearson Product-Moment correlations were computed for each of the independent
variables. There was no significant relationship for age [r(4) = 0.072, p > .05], language score
[r(4) = -0.402, p > .05], or nonverbal score [r(4) = -0.451, p > .05]. The language scores were
taken from the CELF-P3 (Wiig, Secord, & Semel, 2020) and the nonverbal scores were taken
from the PTONI (Ehrler & McGhee, 2008). This indicates no significant relationship between
these independent variables and the children’s performances on the matching game. This is not
surprising, considering the small number of participants in this pilot study.
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Discussion
The purpose of the present study was to examine nonlinguistic deficits that are associated
with visual spatial memory in children with DLD, and compare them to two groups of children
that were younger typically developing and older typically developing. Previous research has
shown that phonological working memory deficits have been increasingly linked to children with
DLD (e.g., Gathercole & Baddeley, 1993; Archibald, 2018; Montgomery, et al., 2021).
Additionally, more recent studies have supported the idea that children with DLD may also have
difficulties in nonlinguistic domains, such as visual processing (e.g., Collisson et al, 2015;
Dispaldro, et al., 2012). Currently, there is no gold standard for identifying DLD. Therefore, by
examining visuospatial memory in children with DLD, we can potentially identify underlying
mechanisms directly associated with this disorder. With a better understanding of DLD, we can
work towards creating more sensitive measures of DLD, and also develop more effective
treatment procedures for these children.
To reiterate, we hypothesized that if visuospatial working memory is a developmental
skill, then the older children would perform better than younger children on a task examining
visual spatial memory. According to the results of this study, this hypothesis was supported, as
the older group performed better than the younger group. This result is consistent with research
demonstrating that working memory improves with age. We also predicted that if visual working
memory is associated with the linguistic domain, children with DLD would score lower on the
visual spatial memory task than children around the same age, but similar to younger children
due to similar language levels. The results of this study supported the first part of this
hypothesis, in that the child with DLD scored lower on the visual spatial memory task than the
average score of children of a similar chronological age. This is consistent with previous work
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that shows that DLD may not be specific to the linguistic domain and these children have
subclinical deficits in areas other than language. However, the second part of this hypothesis was
not supported, as the child with DLD did not perform as well as the combined scores of the two
younger children. Therefore, the visual processing of children with DLD may lag behind
younger children with similar levels of language ability. Therefore, the preliminary results of this
study support the idea that visual processing may be impaired in children with DLD, which may
be associated with poor oral language and preliteracy skills. Given the small number of
participants in this study, more research is needed to strengthen this claim, but these results hold
strong implications for a connection between DLD and the presence of a visual processing
disorder. One notable trend from the data was that children’s performance on the visual spatial
memory task became more consistent as they grew older. Therefore, not only did their scores
improve over time, but their consistency, as measured by lower standard deviations, in those
scores were less variable with age. This supports a maturational progression for visual memory
skills, as the older children performed better than the younger children. Additionally, the results
supported the hypothesis that visual working memory may be associated with the linguistic
domain in some way, as the child with DLD scored lower on the visual memory task than either
group of typically developing children.
Furthermore, we expected that if children with DLD were poor at visual processing that
they would perform less well than children within the same age group. However, we did not
expect that children with DLD would perform less well than younger children. The preliminary
results of this study showed that the child with DLD did not perform as well as at least one child
in the younger group (YATD1), but did perform better than YATD2. However, the child with
DLD was over a year older than either of these two children. In comparison, the child with DLD
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performed better than one child in the older age group (SATD1), who was 8 months younger, but
not as well as SATD2 and SATD3 who were both in the approximate age range of the child with
DLD. These results are in support of a developmental trend for performance on a visual spatial
task, such as a memory pairing game on an iPad. When mean scores were combined for the two
typically developing groups, their combined scores were better than the child with DLD. There
certainly is a problem with the small number of participants, but if this trend holds true, then this
does support previous work demonstrating a visual processing deficit in children with DLD.
The next thing to consider in this study are the skills that one needs to perform well on a
task that challenges the ability to find matching pairs of animals when faced with a time
pressure. The skills can be divided into nonlinguistic and linguistic factors that may influence
children’s performance on a matching game. For nonlinguistic factors, children must be able to
visually recognize animals as being of the same pair (e.g., lion-lion) and recognize differences
between similar looking animals (e.g., horse-zebra). It is possible that a visual processing
disorder may prevent children from selecting the matching pair, because they do not recognize
the difference between a horse and zebra and continue to select these as a pair. Children must
also remember the location of the hidden animals. For example, if they previously saw a horse in
the upper right-hand corner of the display, and they found a horse in the middle, they must
remember to go back to the upper right hand corner to select the matching animal. A deficit for
spatial memory would impair the ability to remember where the hidden animal was located. The
children were also under pressure to find six matching pairs of animals within a one-minute time
frame. This may have created a situation where they felt pressured to find all the animal pairs
before the game expired, and prevented them from developing a strategy to find the animals in
the most efficient manner. This concept was made note of, as the child with DLD utilized a
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different strategy for finding the matching pairs in comparison to the other children. She used a
two-handed strategy to select the hidden animals, while the other children used one finger to
select each tile until they found all the matching pairs. The child with DLD used two fingers (one
from each hand) to rapidly select the hidden animals until all the matching pairs were found.
Despite efforts from the experimenter to demonstrate a one finger strategy, the child continued to
use a two-finger strategy throughout the practice trial and all the experimental trials. A deficit in
nonverbal abilities may have reflected a less efficient way of completing each trial. This was
reflected in her lower overall average score in comparison to her age equivalent peers.
Linguistic factors may also influence children’s performance on a visual memory task
because language allows us to categorize information and to enhance performance on seemingly
nonlinguistic tasks. Therefore, stronger language abilities may assist nonlinguistic abilities or
vice versa. These elements must be taken into consideration, as they directly contribute to how
children are able to do in the game. For example, if children are able to identify the name of the
different animals in the game (e.g., elephant, lion, zebra), they may be able to remember where
that animal is by attributing a name with it, as opposed to trying to remember where an
unfamiliar animal is. Some other aspects of language that may support memory in this task
include knowing the features of some of the animals (e.g., stripes, colors, physical features), and
having some background information about the animal categories (e.g., farm animals, zoo
animals, pets, water animals,). All of this information contributes to the children’s ability to sort
and categorize the information they are being prompted with in this game. The better they are
able to label and classify each of the animals, the more likely they are to remember where that
animal is, thus improving their performance in the game. If children know that they are “racing”
to get the best score, and this is a concept they understand, they will likely try to make decisions
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and selections faster than if they did not know this information. There are many different features
that contribute to how well a child is able to perform on this visual working memory task, and
they are important to take into consideration when looking at the results of all the groups of
children tested in this study. Since the older children typically developing children performed
better than the younger children on this task, it can be concluded that maturation in language and
other cognitive abilities contributed to their improved performance. However, the older children
also performed better than the child with DLD who was around the same age.
Also, the nonverbal scores of the older children were roughly equivalent. Therefore, the
only factor that differed for these children was their performance on the assessment of language.
This suggests that language ability may be related to visual memory for location in some way.
As suggested above, it could be that language ability allows children to develop a strategy, or
strategies, to improve their performance in this game. Correlation analysis was completed to
determine if there was a relationship between language abilities and the score on the iPad game.
However, with the small number of participants in the study, a significant relationship was
unlikely to be found. Despite the small number of participants, the trends of the study are
encouraging in that they support previous work showing a deficit in visual processing in children
with DLD.
Presently, there is much difficulty in determining whether toddlers who are late in
producing their first words will be diagnosed with DLD, or if they are “late talkers.” Late talkers
are children who often catch up to their typically developing peers without intervention prior to
entrance into kindergarten. However, at least half of the children will later be diagnosed with
DLD (Czaplewska, 2016). The difficulty in distinguishing children who will catch up to their
peers without intervention from those who will need intervention is currently problematic for
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professionals (e.g, speech language pathologists, early educators) working with young children.
Treating all children who are late talkers would increase early interventionists' caseloads,
tremendously resulting in less effective services. On the contrary, not treating these children
would defeat the purpose of early intervention. Early intervention is pivotal in helping children
with speech and language difficulties. The sooner early intervention can be started, the better the
outcomes and success rates of speech and language treatment (Prelock, 2015). Additionally,
when children with DLD are not treated at an early age, they are less likely to have the language
skills necessary to support reading and writing when they enter school. If children do not achieve
school benchmarks in reading and writing, they will continue to fall behind their peers,
contributing to a domino effect that results in poor overall academic performance. Furthermore,
the limited success in school can contribute to a lower self-image of one’s abilities, resulting in a
greater probability of drop out from school. In short, the limited ability to diagnose language
disorder at a young age can lead to later poor academic performance. Therefore, if we are able to
link other areas of development that are associated with developmental language disorder, we
can potentially accomplish two things. First, if we are able to determine if DLD is associated
with nonlinguistic abilities, we can potentially work towards diagnosing children with DLD
earlier by assessing these nonlinguistic domains. Therefore, assessing whether young children
have a visual processing deficit, such as the presence or absence of a shape bias (Collisson et al,
2015), prior to the appearance of first words might assist us in differentiating the two groups of
late talkers, and ensure those at greater risk for language disorder receive services at an early age.
Second, weaknesses in these nonlinguistic domains can be addressed in treatment, which may
generalize to the linguistic domains or vice versa.
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Clinical Implications
Previous research has suggested a link between DLD and visual spatial working memory
and this study contributes more confirmation towards that notion. The results of this study reflect
the idea that there may be a connection between the two, as well as a connection between age
and performance on the visual spatial working memory task. Previous studies have shown that
children with DLD with a deficit in working memory may also have nonlinguistic deficits in
other domains of development (e.g., Collisson et al, 2015; Dispaldro, et al., 2012). In conjunction
with the findings from the present study, the link between visual spatial working memory and
DLD can be used to investigate discussion about the creation of a standardized assessment to
improve the identification DLD by using nonlinguistic measures that are administered at younger
ages.
Similarly, this study also has clinical implications for ensuring that children with DLD
are identified earlier and provided with interventions to improve their readiness for preschool
and kindergarten. If children with DLD have deficits in nonlinguistic areas, this may also change
the way that intervention is provided and may need to work on nonlinguistic goals, as well as
language goals. The earlier a child is provided with services addressed these goals, the better the
treatment outcomes (Prelock, 2015).

Limitations
There were several limitations in the present study that should be addressed. One of the
most notable limitations was the small number of participants. Originally, more participants were
to be recruited which would have increased the statistical power of the study. However, due to
the COVID-19 pandemic, the recruitment of human subjects was halted, and the study was
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morphed into a pilot study. Additionally, only one participant was identified with DLD, limiting
the conclusions that can be drawn from the study, because we do not know if all children with
DLD would perform in a similar manner. One final limitation of the present study was the
inconsistency in data collection, in regards to the inclusion of turns taken and time. For some
children, these factors were recorded in the data collection, but were not for others. Some
children made their selections too quickly to accurately record these measures. In the same vein,
there was not a consistent way to count the number of turns a child was taking to complete the
task; one data collector was writing down the results, and another was focused on keeping the
child engaged in the task. Due to this, the number of turns taken and time allotted were not
factors included in the results portion of this study. It would be useful to include this data in this
study, and it would be beneficial to video record the children’s response to insure accuracy of
data collection.

Conclusions
The purpose of this study was to determine whether a link exists between DLD and a
nonlinguistic ability, visual spatial memory. The results of this study support previous research
that children with DLD may have deficits in nonlinguistic domains, as well as with language
development, in that the child with DLD did not perform as well as the neurotypical children.
The data collected in this study may be used to support the development of a standardized
assessment that is able to identify DLD in very young children. Although there is not currently a
test that is able to do this, the results of this study imply connections between DLD and other
nonlinguistic domains. Further research is needed to confirm the patterns of this study, as well as
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look for other deficits in various domains of development that could also potentially be
connected to DLD.
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